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Oligodendrocytes are a major target of the purported
autoimmune response in multiple sclerosis (MS) le-
sions, but little is known about the mechanisms un-
derlying their demise. Despite the expression of pro-
apoptotic receptors, these cells are rarely seen to
undergo apoptosis in situ. On the other hand, cyto-
toxic mediators present in MS lesions, such as tumor
necrosis factor-a , are known to generate survival sig-
nals through the activation of the transcription fac-
tors NF-kB and c-jun. The aim of this study was to
investigate in chronic active and silent MS lesions and
control white matter the expression of c-jun , its acti-
vating molecule, JNK, as well as NF-kB complex and
its inhibitor, IkB. By immunohistochemistry we
found negligible reactivity for these molecules in con-
trol white matter and silent MS plaques. In active MS
lesions, double-label immunohistochemistry with
oligodendrocyte markers showed up-regulation of
the nuclear staining for both NF-kB and JNK on a
large proportion of oligodendrocytes located at the
edge of active lesions and on microglia/macrophages
throughout plaques. Oligodendrocytes showed no re-
activity for IkB, which was predominantly confined
to the cytoplasm of microglia/macrophages. We hy-
pothesize that activation of these transcriptional
pathways may be one mechanism accounting for the
paucity of oligodendrocyte apoptosis reported in MS.
(Am J Pathol 1999, 155:1433–1438)

Multiple sclerosis (MS) is a demyelinating disease of the
central nervous system (CNS) in which myelin and mye-
lin-forming cells (oligodendrocytes) become the target of
an inflammatory response, resulting in their depletion
from the MS plaque. However, the mechanisms which
regulate these events are poorly understood.1–3 Among
the cytotoxic mediators present in MS lesions and
claimed to be involved in oligodendrocyte pathology, the
cytokines tumor necrosis factor-a (TNF-a) and interleu-
kin-1 (IL-1) are of particular interest because, in addition
to their proinflammatory role and apoptotic effect on oli-
godendrocytes,4 they are capable of activating alterna-
tive intracellular pathways (viz. the transcription factors
NF-kB and c-jun), which may have cytoprotective effects
on target cells.5–10

The transcription factor NF-kB is formed by at least five
cytoplasmic proteins (p50, p52, p65 (RelA), c-Rel, and
RelB) located in the cytoplasm of most cells. The com-
plex is physiologically inhibited by IkB molecules; activa-
tion of NF-kB involves the cytoplasmic degradation of
IkB, allowing the translocation of NF-kB into the nucleus
where Rel subunits can bind DNA sequences of target
genes and initiate their transcription.6,7 Genes regulated
by NF-kB include major histocompatibility proteins, ad-
hesion molecules, and the cytokines IL-2, IL-6, interfer-
on-b, transforming growth factor-b, and TNF-a.7,8 The
nuclear protein and transcription factor c-jun represents a
pivotal element in regulating the neuronal and glial re-
sponse to injury. Induction of c-jun and its transcriptional
activity involves a molecular cascade of kinases leading
to phosphorylation in the nucleus of c-jun N-terminal ki-
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nases (JNK), which in turn activates its target, c-jun.9,10

Recent studies have investigated the expression of
NF-kB and its inhibitor in MS and in experimental auto-
immune encephalomyelitis on the effector elements of
local inflammation.11,12 However, little is known about the
role of these transcription factors in oligodendrocytes, the
purported target of the autoimmune response in MS.

The aim of this study was to investigate whether the
above transcription factors are involved in oligodendro-
cyte pathology in MS lesions. In particular, we examined
the expression of molecules belonging to the NF-kB and
c-jun pathways to assess whether their nuclear translo-
cation and activation occurred on oligodendrocytes
within MS lesions, a process that might explain the re-
ported lack of apoptosis in these glial cells during chronic
MS.13

Materials and Methods

Tissue Samples

Early postmortem (4 to 12 hours) CNS tissue was studied
from 11 subjects (mean age, 46 years) with a clinical
diagnosis of chronic progressive MS. In total, 19 blocks
containing lesions and normal appearing white matter
were examined. Histopathologically, 4 cases displayed a
predominance of chronic active lesions with hypercellular
margins, ongoing demyelination with macrophage and
lymphocyte infiltration, and an hypocellular demyelinated
center with oligodendroglial cell depletion. In the remain-
ing 7 cases, the majority of lesions were defined as
chronic silent, based on an absence of inflammation and
the presence of demyelinated centers. Brain tissue from
4 subjects (mean age, 57.9 years) with other neurological
diseases (OND) was available for control purposes (1
case each of Alzheimer’s disease, stroke, amyotrophic
lateral sclerosis, and olivopontocerebellar atrophy).
Normal CNS tissue with no evident pathology came
from 3 subjects (mean age, 59 years) succumbing to
non-neurological conditions. All tissues were snap-
frozen and embedded in OCT medium and stored at
280°C until use.

Immunohistochemistry

Frozen sections were air-dried and fixed in cold acetone
for 10 minutes. After blocking with normal serum, sec-
tions were incubated with primary antibodies overnight at
4°C. Polyclonal antisera were used to identify the subunit
p65 (C-20) of NF-kB and its inhibitor IkBa (C-15) (1:1600;
Santa Cruz Biotechnology); in addition, a monoclonal

antibody to the activated p65 subunit (ie, recognizing an
epitope of p65 exposed when it is not complexed to IkB)
was used (1:500; Boehringer Mannheim). The active,
phosphorylated form of JNK was identified by the mono-
clonal antibody G-7, recognizing the pThr-183/pTyr-185
epitope of human JNK1 (1:800; Santa Cruz); c-jun was
identified by the polyclonal antiserum c-jun/AP-1, recog-
nizing a DNA binding domain of the protein (1:100; Santa
Cruz). Oligodendrocytes were identified with antisera to
the phenotypic markers myelin basic protein (MBP) (1:
1000; Dakopatts), or carbonic anhydrase II (1:800;
Chemicon), while resident microglia and astrocytes were
reacted with monoclonal antibodies for CD68 and glial
fibrillary acid protein (Dakopatts), respectively. Appropri-
ate secondary biotinylated antibodies followed by the
avidin-biotin-complex Elite reagent (Vector Labs) were
applied and the reaction visualized with 3,39-diaminoben-
zidine (DAB). For evaluation of the phenotype of JNK-
and NF-kB-positive cells, double-staining with an oligo-
dendrocyte marker was performed. For this, after the
peroxidase immunoreaction for JNK or NF-kB was devel-
oped with DAB, antiserum to MBP was applied and de-
tected with an anti-rabbit antibody coupled to alkaline
phosphatase. Red substrate (Vector Labs) was used to
visualize the immunoreaction. Negative controls included
omission of the primary antibody and isotype-specific,
irrelevant antibody.

Apoptosis Assay

Apoptotic events in active and silent MS sections were
assessed using the terminal deoxynucleotidyl trans-
ferase-mediated fluorescein-conjugated deoxyuridine
triphosphate nick end-labeling (TUNEL) technique
(Boehringer Mannheim), as previously described.13 After
fixation with paraformaldehyde and permeabilization with
Triton X-100, reaction mixture was added and the sam-
ples incubated for 60 minutes at 37°C. The reaction was
visualized with an anti-fluorescein Ig conjugated with per-
oxidase and DAB. As negative controls, the enzyme or
secondary antibody was omitted. The phenotype of
TUNEL-positive cells was assessed by double immuno-
staining, as described above.

Results

In normal white matter from control cases, using mono-
clonal antibodies to the activated forms of JNK and NF-
kB, immunoreactivity was not seen (Figure 1A) or showed
very faint staining in scattered astrocytes. Polyclonal an-

Figure 1. A to C: Immunoperoxidase staining for the activated NF-kB p65 subunit in normal CNS and MS lesions. A: No reactivity on glial cells is seen in white
matter from control cases. B: Signal for NF-kB is visible in hypertrophic astrocytes in chronic silent MS lesions. C: At the edge of chronic active MS lesions,
immunostaining for activated NF-kB shows nuclear reactivity on glial cells morphologically resembling oligodendrocytes or microglia. D: In addition to
parenchymal cells, intense immunoperoxidase staining is detectable on perivascular, inflammatory elements. E: At variance with the pattern obtained for NF-kB,
staining for its inhibitor, IkB, is detectable in the cytoplasm of microglia in the white matter surrounding MS plaques. F and H: Double-staining for activated p65
subunit of NF-kB (peroxidase, brown) and MBP (alkaline phosphatase, red) in chronic active MS lesions, reveals that a small proportion of NF-kB-positive nuclei
present at the edge are surrounded by MBP-reactive cytoplasm (arrows), whereas most cells display no staining for MBP, probably representing microglial
elements. About half of the oligodendrocyte population shows no NF-kB nuclear translocation (arrowheads). G and I: A pattern similar to NF-kB is detectable
also for activated JNK at the edge of active MS lesions, where a proportion of MBP-positive oligodendrocytes (alkaline phosphatase, red; arrows) shows nuclear
reactivity for JNK (peroxidase, brown). Scale bar, 30 mm.
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tibody to the inactivated form of p65 gave low level con-
stitutive staining on most cell types, including oligoden-
drocytes. In parallel sections, IkB was localized to the
cytoplasm of scattered microglia and astrocytes, but not
to oligodendrocytes. Immunostaining for IkB and acti-
vated JNK and NF-kB subunits in white matter from OND
cases was similar to that observed in normal CNS, while
faint c-jun reactivity was evident on astrocytes (data not
shown).

At the edge of chronic silent MS lesions and in adja-
cent white matter, NF-kB reactivity was evident most
commonly on hypertrophic astrocytes which displayed
cytoplasmic and, occasionally, nuclear staining (Figure
1B). In addition, at the edge of lesions, scattered cells
with nuclear reactivity were present. By double immuno-
histochemistry with anti-MBP antiserum, no oligodendro-
cytes displaying NF-kB reactivity were found (data not
shown). Immunoreactivity for c-jun and activated JNK
molecules was similar to that observed for NF-kB, while
IkB revealed a distinct signal in the cytoplasm of hyper-
trophic astrocytes and scattered microglia.

Within chronic active MS lesions and adjacent white
matter, both NF-kB and c-jun/JNK reactivity was mark-
edly up-regulated on glial cells and inflammatory
elements (Figure 1, C and D). Staining for the NF-kB
inhibitor, IkB, was detectable in the cytoplasm of macro-
phages within plaques and on ramified microglial cells
away from lesions (Figure 1E). IkB staining was not evi-
dent on cells resembling oligodendrocytes. A positive
correlation was observed between degree of inflamma-
tion and extent of glial cells with nuclear staining for
NF-kB. As previously described for NF-kB proteins,11

with antibodies for activated NF-kB and JNK subunits,
microglia/macrophages were the predominant cell type
showing nuclear reactivity throughout MS plaques. In this
study, we focused on the area encompassing the outer
lesion edge and on white matter immediately adjacent to
active lesions where staining for the activated isoforms of
both NF-kB and JNK was evident on cells morphologi-
cally resembling oligodendrocytes or microglia, appear-
ances consistent with chronic signaling in this narrow
zone. The pattern obtained for activated NF-kB, c-jun and
phosphorylated JNK was similar both in terms of signal
intensity and cellular distribution, and positively reactive
cells displayed a prevalence of nuclear staining for mol-
ecules of the two pathways. With regard to NF-kB, results
using a polyclonal antiserum to p65 and a monoclonal
antibody recognizing its active form were comparable.
However, the former showed both cytoplasmic and nu-
clear staining, while reactivity for the active form of NF-kB
was preferentially intranuclear.

Due to the prevalence of nuclear staining of NF-kB and
JNK proteins, the identification of reactive cells by purely
morphological criteria was often difficult. For this reason,
we performed double immunohistochemistry with anti-
MBP antiserum to identify the phenotype of cells showing
nuclear translocation of NF-kB or JNK (Figure 1, F–I). At
the outer lesion edge and in white matter immediately
adjacent to active MS lesions, about 15 to 30% of cells
positive for either NF-kB (Figure 1, F and H) or JNK

(Figure 1, G and I) gave positive cytoplasmic staining for
oligodendrocyte phenotypic markers and were identified
morphologically as oligodendrocytes, while smaller MBP-
negative cells were presumably microglial elements.
About half of the MBP-positive oligodendrocytes around
active lesions showed concomitant nuclear translocation
of both NF-kB (Figure 1G) and JNK (Figure 1I).

Regarding the other pathway that TNF-a may trigger,
ie, cell death by apoptosis, we confirmed results previ-
ously obtained in chronic MS lesions,13 whereby oligo-
dendrocytes showed no evidence of DNA fragmentation,
while scattered microglial and inflammatory elements
were TUNEL-positive (data not shown).

Discussion

The aim of this study was to evaluate the expression in
situ of molecules of the NF-kB and c-jun pathways in
chronic MS lesions to determine whether these transcrip-
tion factors might play a role in oligodendrocyte pathol-
ogy in this purported autoimmune disease. Activation of
both NF-kB and c-jun involves a cascade of intracellular
events which lead activated isoforms in the nucleus to
regulate the expression of several genes involved in cell
survival.5–10 By immunohistochemistry, evidence for up-
regulation of both NF-kB and c-jun/JNK signals was
found on microglia and oligodendrocytes in chronic ac-
tive MS plaques, in comparison to silent MS lesions and
control cases (OND and non-neurological conditions).
Signal for both c-jun/JNK and NF-kB proteins was de-
tected in the cytoplasm of astrocytes in silent MS lesions
and control cases, while molecules of both pathways
were up-regulated and localized by double immunohis-
tochemistry in the nuclei of many oligodendrocytes and
microglia at the outer edge of active MS lesions. No
detectable levels of NF-kB inhibitor were found on these
cells. In fact, IkB was up-regulated in the cytoplasm of
microglia and scattered astrocytes at the edge of active
MS lesions and in the surrounding white matter. Thus, the
nuclear pattern for activated p65 NF-kB and JNK mole-
cules, together with the cytoplasmic reactivity of IkBa
observed in MS lesions, strongly suggested activation of
these transcriptional pathways. Previous studies have
underscored a role for NF-kB in MS and its animal model,
experimental autoimmune encephalomyelitis11,12 and in
this regard, the present study confirmed the findings of
Gveric et al,11 who showed NF-kB activation in resident
and infiltrating effector cells in MS lesions.

Although activation of NF-kB and c-jun/JNK pathways
in glial cells may be triggered by a number of mecha-
nisms,7–10 the correlation observed herein between ex-
tent of transcriptional activation and degree of inflamma-
tion in MS plaques suggested that inflammatory
mediators play a major role. Among elements present
within active MS lesions which may trigger these path-
ways, IL-1 and TNF-a are probably prime candidates,
since both cytokines and their receptors have been doc-
umented in MS plaques.13–16 In this context, investiga-
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tions in vitro have shown that TNF-a in concert with inter-
feron-g is capable of activating NF-kB transcriptional
activity.17 With regard to the pathogenesis of MS, these
observations once again raise intriguing questions about
the role of TNF-a, a matter of some debate over recent
years. In fact, both TNF-a and its cognate, TNF-b (or
lymphotoxin), are known to be major inducers of apopto-
tic cell death in several cell types, including oligodendro-
cytes.4,18–20 In normal human CNS tissue, oligodendro-
cytes and microglia constitutively express the type II
receptor of TNF-a18 and both type I and II receptors are
present on these glial cells in chronic MS plaques.13

Thus, since both ligands and receptors of the TNF system
are in place in MS lesions, one could hypothesize that
apoptosis may play a major role in oligodendrocyte pa-
thology in MS. However, morphological evidence of sig-
nificant oligodendrocyte apoptosis has not yet been
found in MS,1,21 and search for DNA fragmentation in
these cells has yielded conflicting results.2,13,22,23 There-
fore, although oligodendrocytes display pro-apoptotic re-
ceptors and are susceptible to TNF-mediated apoptotic
death in vitro, there is no compelling evidence that they
are depleted through apoptosis in MS. Several studies
have demonstrated that, in addition to cytotoxicity, TNF-a
can exert anti-apoptotic activity and can even prevent
apoptosis through the NF-kB complex.24–26 Overall,
these observations support the dual ability of the TNF
system to induce either apoptotic cell death or survival
signals through the NF-kB pathway. In this context, our
results appear to indicate that the MS plaque microenvi-
ronment is able to activate the NF-kB pathway in oligo-
dendrocytes and microglia. We propose that in concert
with other protective mechanisms such as bcl-213 and
ciliary neurotrophic factor,19,20 activation of NF-kB may
exert anti-apoptotic effects and contribute to the absence
of an apoptotic response by oligodendrocytes in MS.

As for the other TNF-inducible transcription factor, c-
jun is known to play a critical role in neuronal and glial
responses to injury,10 although its final effect on glial cell
fate remains controversial, with some investigators show-
ing that induction of c-jun by nerve growth factor or TNF-a
in oligodendrocytes correlates with apoptosis,27,28 and
others demonstrating that activation of c-jun by TNF-a
has no effect on the apoptotic process.5 Clearly, further
experiments are needed to address the precise role of
c-jun/JNK in oligodendrocyte biology. In the present
study, we have found up-regulation of c-jun together with
high signals for activated JNK in the nuclei of oligoden-
drocytes in chronic active MS lesions. The concomitant
absence of oligodendroglial cell death would speak
against a direct role of c-jun in the apoptotic process of
these glial cells. In this regard, activation of JNK without
apoptosis by TNF-a has been reported in astrocyte and
oligodendrocyte cultures.29

Taken in concert, we propose that up-regulation of the
transcription factor NF-kB, and possibly c-jun, may help
to explain the lack of convincing evidence of oligoden-
drocyte apoptosis in chronic MS lesions, despite the
presence of proapoptotic molecules.
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